INTRODUCTION
Colorectal cancer (CRC) is the second most common cancer in males and the third in females in Korea. A total of 25,782 people were diagnosed with CRC in 2010 and the average annual increasing rate of diagnosing CRC was about 6.7% per year. One of the reasons for this upward trend in diagnosing CRC may be related to the increase in screening tests such as fecal occult blood test (FOBT) by national health insurance system and the rise in the number of colonoscopy by many private health promotion clinics. 1 In global statistics, CRC is the third most commonly diagnosed cancer in males and the second in females with over 1.2 million new cancer cases and 608,700 deaths occurred in 2008. 2 Colonoscopy is a gold standard method for diagnosing CRC. However, the acceptance of colonoscopy is quite low because of its high cost and invasiveness. FOBT has been widely performed in screening programs for diagnosing CRC around the world and has proven a certain benefit. According to a previous metaanalysis, the sensitivity, specificity and positive predictive value of immunochromatographic fecal occult blood test (iFOBT) in CRC were 67%, 85%, and 41%, respectively. 3 Study for genetic alterations (such as K-ras and p53) is a very interesting approach, but these tests are expensive and unavailable in daily practice. 4, 5 And it is bothersome to get fresh stool samples for DNA isolation. The M2 pyruvate kinase (M2-PK) is an isoenzyme of pyruvate kinase mainly produced in undifferentiated and proliferating tissues. In cancer cells, M2-PK regulates the synthetic balance between adenosine triphosphate and macromolecules. It plays a crucial role in tumor growth and glycolysis during tumorigenesis. 6, 7 The measurement of tumor M2-PK levels in the stool has been investigated to provide a new screening tool for CRC. 8 A recent meta-analysis of fecal tumor M2-PK enzyme-linked immunosorbent assay (ELISA) test reported the sensitivity of 80.3% and the specificity of 95.2% for diagnosing CRC. 9 The results are far more superior to previously reported values of FOBT. 3 But, cost of ELISA is high and this test is not available in clinical practice. A new immunochromatographic qualitative method for fecal tumor M2-PK is developed. Similar to FOBT, this method is able to detect fecal tumor M2-PK by using preformed cassettes. But, the effectiveness of this method for detecting CRC and colonic adenoma has not yet been established. We aimed to evaluate the usefulness of immunochromatographic M2 pyruvate kinase (iM2-PK) method for detecting CRC and colonic adenoma by comparing iFOBT, serum carcinoembryonic antigen (CEA) and fecal tumor M2-PK ELISA test.
MATERIALS AND METHODS

Subjects and test modalities
The value of iM2-PK was compared with iFOBT and fecal tumor M2-PK ELISA. The test was performed using fecal samples. Colonoscopy and histological result was used as gold standard.
From Medicine) . A total of 323 subjects was recruited and consists of 60 healthy volunteers, 124 patients with colonic adenoma and 139 patients with CRC. The stool samples were collected from subjects awaiting surgery, out-patients and patients of health promotion clinics. All stool samples were collected before oral colonoscopy preparation administration. The iFOBT and iM2-PK were immediately performed with freshly collected stool samples. All 323 individuals underwent complete colonoscopy and blood sampling for CEA. The pathological tissue specimens were obtained by colonoscopic biopsies, polypectomies, or surgery. All those who had obvious gastrointestinal bleeding, menstruation, past history of colectomy, inflammatory bowel disease, and noncolonic gastrointestinal neoplasms were excluded.
Among 323 subjects, 68 were enrolled in ELISA M2-PK and iM2-PK comparison subgroup. The participants in this ELISA study consisted of 40 patients with colorectal cancer, 26 patients with adenoma and two healthy volunteers. Their stool samples were stored at -20 o C for ELSIA test. Fecal tumor M2-PK ELISA test was performed twice on each stool sample and the result data were reported as the mean value.
The informed consents were obtained from all participants before entering the study. Approval was obtained from the Institutional Review Boards (IRB) of the Catholic Medical Center of Korea prior to beginning this study (IRB number: XC12TI-MI0035S).
Methods
1) iFOBT
The iFOBT strip device (Asan Easy Test FOB; Asan Biotech Institute, Seoul, Korea) was used. It provides an one-step immunochromatographic assay for rapid detection of fecal human blood. The stick of the sample collection device was put into the feces at three or four different sites and immediately inserted into the extraction buffer solution which was then shaken thoroughly. After that, two or three drops of this extracted sample were loaded into the sample opening of the test device. The liquid sample flows from the sample opening of the test device and conjugates to the gold labeled antihemoglobin antibodies binding to the human hemoglobin. These complexes migrate to the test membrane which has secondary antibodies binding to the gold-labeled antibody-hemoglobin complex and finally generated a violet band within 3 to 10 minutes.
2) Immunochromatographic fecal tumor M2-PK test
The mechanism of iM2-PK test is based on detecting tumor M2-PK by specific monoclonal antibodies. The process of the test has two stages. The tumor M2-PK reacts with a monoclonal antibody bound to gold particles and then, migrates along the membrane. And complex reaches the test line attached by a second monoclonal antibody. Gold-labeled antibody M2-PK complex binds to the test line and develops a pink color.
In this study, the stool samples were measured by using a commercially available cassette for iM2-PK (M2-PK Quick TM ; ScheBo Ⓡ Biotech AG, Giessen, Germany). For sample preparation, the fresh stool specimen was extracted in the extraction buffer (pH 7.2) mixed with 5% detergent and 0.05% sodium azide for 10 minutes. And then, four drops of the extracted sample were applied into the circular sample well on the cassette. The result was read after exactly 5 minutes. The negative result is that a pink band appears only in the control region and no band develops in the test lesion. And the positive result is that the pink band develops in both the control region and the test region. The test stripe must be clearly recognizable as a line, although it may be weaker than that of the control.
3) Fecal tumor M2-PK ELISA test
The fecal tumor M2-PK ELISA test was performed by using a commercially available kit (Tumor M2-PK TM ELISA Stool Test; ScheBo Ⓡ Biotech AG). The ELISA kit is made as 96 well microtiter plates, suitable for up to 42 samples in duplicate. The wells of plate are coated with a monoclonal antibody against tumor M2-PK. The stool sample was extracted in extraction buffer and diluted in the washing buffer provided in the kit. The prepared samples were loaded on the ELISA plate and incubated for 60 minutes at room temperature. The biotinylated second monoclonal antibodies in 1:00 dilution was added and incubated again for 30 minutes at the room temperature. A conjugate of peroxidase and streptavidin were added for binding to the biotin moiety, and incubated for another 30 minutes. Substrate solution and the stop solution were separately added and incubated for 15 minutes. Completed ELISA plate was read by photometry at OD 450 nm and the standard curve was calculated as the loglog scale.
Statistical analysis
Statistical significance was determined by the Wilcoxon rank sum test and Kruskal-Wallis test. All statistical analyses were performed by using SAS software for Windows (release 9.3; SAS Institute, Cary, NC, USA) and p-values less than 0.05 were interpreted as statistically significant.
RESULTS
Clinical characteristics
Clinical characteristics including gender, social history, and underlying diseases with diabetes, hypertension, tuberculosis and hepatitis were not different between the groups except age. The control group included 60 healthy volunteers (27 males and 33 females; median age, 55 years; range, 40 to 79 years). The colonic adenoma group consisted of 124 patients (75 males and 49 females; median age, 63 years; range, 38 to 81 years). The 139 patients (82 males and 57 females; median age, 66 years; range, 36 to 92 years) were diagnosed with primary CRC. The clinical characteristics are shown in Table 1 .
Accuracy of the iM2-PK in terms of sensitivity, specificity, and predictive values
The performance characteristics of iM2-PK, iFOBT, and serum CEA were evaluated for the study groups and the values are shown in Table 2 . Sensitivity for CRC was significantly higher with iM2-PK (92.8%) than iFOBT (47.5%) and CEA (45.3%) (p<0.05). Sensitivity for colorectal adenoma was significantly better with iM2-PK (69.4%) than iFOBT (12.1%) and CEA (46.8%) (p<0.05). Specificity for CRC and adenoma was not different among tests.
Negative predictive value for CRC was significantly higher with iM2-PK (83.3%) than iFOBT (40.7%) and CEA (40.6%) (p<0.05). For colorectal adenoma, negative predictive value was better with iM2-PK (56.8%) than iFOBT (31.5%) (p<0.05) but not than CEA (43.6%). Positive predictive values for CRC and adenoma were not different among tests.
The receiver operating characteristic (ROC) curves of iM2-PK, iFOBT, and CEA for predicting patients with adenoma and CRC are shown in Fig. 1 . The curves are statistically significant with the areas beneath them which are greater than 50%. The areas under the curves of iM2-PK are 0.88 for CRC and 0.76 for adenoma. These values are significantly higher than those of iFOBT and CEA (p<0.05). The threshold values of CEA, which were calculated as the most appropriate cutoff value using the ROC curve, were 1.28 U/mL for predicting adenoma and 3.14 U/ mL for predicting CRC.
Comparison iM2-PK with M2-PK ELISA test
Comparison between iM2-PK, iFOBT, and M2-PK ELISA was possible in 68 subjects. The cutoff value of M2-PK ELISA test Table 1 was set as 4 U/mL according to results from a previous metaanalysis. 9 The sensitivity and specificity of iM2-PK, iFOBT, and M2-PK ELISA test were calculated ( Table 3 ). The sensitivity of iM2-PK for CRC was significantly better than M2-PK ELISA (97.5% vs 80.0%, p<0.05). But, sensitivity for adenoma and specificity for CRC and adenoma were not different between iM2-PK and M2-PK ELISA.
4. Sensitivity and specificity of iM2-PK according to the Dukes and TNM staging in colorectal cancer, the grade of dysplasia and the polyp size in colonic adenoma A total of 139 patients with CRC were classified into three groups according to Dukes staging: 31 patients with Dukes A, 31 patients with Dukes B, and 77 patients with Dukes C. The sensitivity of iM2-PK according to Dukes staging were 80.6% in Fig. 1 . The receiver-operating characteristic curves for predicting adenoma (A) and colorectal cancer (B). Each line present receiver-operating characteristic curve for predicting adenoma and colorectal cancer by immunochromatographic M2 pyruvate kinase, immunochromatographic fecal occult blood test and carcinoembryonic antigen. All the curves are statistically significnt (p<0.001), with the areas beneath the curves being greater than 50%. iM2-PK, immunochromatographic M2 pyruvate kinase; AUC, area under the curve; iFOBT, immnochromatographic fecal occult blood test; CEA, carcinoembryonic antigen. Data are presented as percentage (95% confidence interval). iM2-PK, immunochromatographic M2 pyruvate kinase; iFOBT, immunochromatographic fecal occult blood test; CEA, carcinoembryonic antigen; CRC, colorectal cancer; PPV, positive predictive value; NPV, negative predictive value; AUC, area under the curves. *Significant difference between iM2-PK and iFOBT based on Fisher exact test and chi-square test; † Significant difference between iM2-PK and CEA based on Fisher exact test and chi-square test.
Dukes A, 100.0% in Dukes B, and 94.8% in Dukes C. The sensitivities of Dukes B and Dukes C were significantly higher than that of Dukes A (p<0.05) (Fig. 2) .
Regarding the TNM stages, nodal involvement did not influence on the sensitivity of iM2-PK test. The sensitivity of iM2-PK was 93.3% for cancer with lymph node metastasis and 92.2% for those without (p=0.794). The depth of cancer invasion affected the sensitivity of iM2-PK, but serial increment of the sensitivity did not exist when all the T stages, from Tis to T4, were compared (p=0.239). The highest sensitivity was 96.8% for T3 cancers and the lowest was 78.6% for T1 cancers. Only when cancers were grouped into those confined to mucosa and submucosa and others invading the muscle proper and beyond, the sensitivity of iM2-PK was higher in advanced cancer group than in early cancer group (95.1% vs 82.8%, p=0.019) (Fig. 2) .
A total of 124 patients with colonic adenoma were classified into two groups according to the grade of dysplasia: 90 patients with low grade dysplasia and 34 patients with high grade dysplasia. The sensitivity of iM2-PK was 62.2% in low grade dysplasia, and 88.2% in high grade dysplasia. The sensitivity of HGD was significantly higher than that of low grade dysplasia (p=0.0051).
Among 124 patients with colonic adenoma, 30 patients had polyps less than 10 mm and 94 patients had a polyp over 10 mm. The sensitivity was 63.3% in polyps less than 10 mm, and 2 . The sensitivity of immunochromatographic M2 pyruvate kinase (iM2-PK) according to cancer stages based on Dukes and TNM classification. The sensitivity of iM2-PK of Dukes A stage cancer was 80.6%. Cancers classified as Dukes B and Dukes C stages exhibited sensitivity of 100% and 94.8%, respectively. These values were significantly increased compared with cancers categorized as Dukes A stage (p<0.05). Similarly, cancers that were T2 or beyond exhibited significantly increased positivity compared with Tis and T1 cancers. The sensitivity for Tis and T1 cancers was 82.8%, and the sensitivity for T2, T3, and T4 cancers was 95.1% (p=0.019). CI, confidence interval. *p<0.05. 71.3% in a polyp over 10 mm (Table 4) . There was no significant difference in sensitivity according to the size of the polyp (p=0.4113).
DISCUSSION
The pyruvate kinase (PK) is a key enzyme in glucose metabolism of glycolysis as dephosphorylation of phosphoenolpyruvate to pyruvate. There are several types of tissue specific PK. L-PK is found in the liver, M1-PK in muscle and brain, R-PK in erythrocytes, and M2-PK in undifferentiated and proliferating tissues. In gastrointestinal tract, M2-PK is the only detectable PK and exists mainly as a dimeric form. The M2-PK initially formed the active tetramer and then it split into stable dimeric forms. The stable dimeric form of M2-PK is usually called as a tumor M2-PK. 10 In cancer cells, M2-PK regulates the synthetic balance between ATP and macromolecules. The aim of this study was to examine whether iM2-PK is useful in screening for CRC and colonic adenoma. The most common screening method for diagnosing CRC is FOBT which detects hemoglobin in stool samples enzymatically or immunologically. 11 The old enzymatic FOBT which is referred as guaiac FOBT (gFOBT) detects the peroxidase activity of hemoglobin. The gFOBT can be affected by dietary peroxidases contained in fruits or vegetables, dietary hemes from red meat which causes false positive result, and antioxidants such as vitamin C which may cause false negative result. 12 The sensitivity of gFOBT is relatively low and varied in many studies, between 30 and 80%. [13] [14] [15] However, the newer iFOBT uses specific antibodies binding to the human hemoglobin. iFOBT results can be less affected by diet or some medicine and achieve better outcomes. iFOBT is recognized a useful screening test in many countries running population based CRC screening program. 16 Nonetheless, other causes of gastrointestinal bleeding such as nonsteroidal anti-inflammatory drugs injury and benign ulcers, could cause false positive results. 17 According to a previous analysis, the sensitivity of iFOBT was superior to that of gFOBT as well as the specificity and positive predictive values in cohort trials of the surveillance patients diagnosed for advanced colorectal neoplasm. 3 However, FOBTs are specific to hemoglobin but not to specific to colorectal neoplasm. To find the reason for positive results of FOBTs, one should undergo colonoscopy.
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Previous studies investigating the fecal tumor M2-PK ELISA test reported that the sensitivity for CRC ranges from about 70% to 80% and the specificity ranges from about 70% to 90%. [19] [20] [21] [22] [23] [24] [25] The tumor M2-PK ELISA test is more specific to CRC than iFOBT. 26 The weak point of M2-PK lies on the fact that it is sensitive to intestinal inflammation in patients with different colorectal diseases such as inflammatory bowel disease, diarrhea, diverticulitis, and pouchitis. 27 However, for diagnosing colonic adenoma, the sensitivity of 22% and the specificity of 82% were reported in a large-scale study from Germany and the result had a very limited potential for detecting adenomas. 28 The fecal tumor M2-PK ELISA test has some problems to be used in clinical practice. Fecal tumor M2-PK ELISA test is timeconsuming. It usually takes around 6 hours to produce the reliable results. Meanwhile, only 10 minutes is necessary to go through this process with the office-based iFOBT. 29 iM2-PK is an immunochromatographic qualitative method for fecal tumor M2-PK. This test is performed in a short time (about 15 minutes) and the cost is about half of the fecal tumor M2-PK ELISA test. The main advantage of the iM2-PK is that it is quickly performed with fresh stool samples in clinics without being sent to a laboratory. In this study of the iM2-PK, the sensitivity was superior to that of the fecal tumor M2-PK ELISA test reported in previous studies ranged from about 70% to 80% and the specificity was within the range of previously reported values ranged from about 70% to 90%. [19] [20] [21] [22] [23] [24] [25] Moreover, the ROC curves of this study indicate that the iM2-PK may have a better diagnostic accuracy than those of iFOBT and serum CEA for diagnosing CRC as well as colonic adenoma ( Table 2 ). The sensitivity of iM2-PK for adenoma (69.4%) was higher than that of iFOBT (12.1%) in this study. The ELISA study was carried out in a single center with 68 subjects for the purpose of comparing with the iM2-PK and the fecal tumor M2-PK ELISA test. The sensitivities of iM2-PK were higher than those of the fecal tumor M2-PK ELISA test in diagnosing CRC (Table 3 ). The reason for the low sensitivity of ELISA test might be found from the bio-stability of tumor M2-PK in stool sample. Long-time preservation and handling time might induce degradation of tumor M2-PK proteins. In a previous report about the stability of tumor M2-PK, the sensitivity of fecal tumor M2-PK ELISA test were decreased gradually from 67.8% to 36.9% according to the days of storage at room temperature. 30 Regarding the power of screening tests, sensitivity and specificity have the power in opposite directions. In this study results, the sensitivity of iM2-PK is about two times high compared to that of iFOBT, but the specificity was 83% which is lower than the usually reported value of iFOBT in other literatures. This aspect may evoke a concern that unnecessary investigations including colonoscopy will be taken in patients with false positive result with iM2-PK. In population-based or government-directed mass screening, specificity is a more important factor to reduce the medical budget with limited resource. On the contrary, for the patient, the sensitivity is considered more valued in order not to miss presence of cancer or premalignant lesions. In this study, iM2-PK test proved to have a modest power in specificity and a far advanced power in sensitivity, compared to iFOBT. In these days, the availability and safety of colonoscopy is markedly expanded in Korea as well as other developed nations. The financial affordability of individual and government also has grown to pursue better quality of life, not only just saving of life. It is possible that iM2-PK may result in unnecessary investigations in some individuals. However, this test can provide better chances for early detection and successful treatment of colorectal cancer in others.
In this study, we classified CRC with Dukes and TNM staging. There were no patients with Dukes D because only resectable patients were included in this study. The sensitivities of the iM2-PK in Dukes B and Dukes C were significantly higher than the sensitivity in Dukes A. And there was no significant difference between Dukes B and Dukes C (Fig. 2) . Similarly the sensitivity of the iM2-PK was not different according to T stages and N stages (p=0.239 and p=0.794). Only when authors grouped cancers confined to mucosa and submucosa and cancers invading the muscle proper and beyond, the sensitivity of iM2-PK was higher in advanced cancer group (95.1%) than in early cancer group (82.8%) (p=0.019). This means that the fecal tumor M2-PK may be more detectable in the advanced stage rather than the early stage of CRC. This could be explained that the detection of fecal tumor M2-PK might be dependent on intraluminal volume of cancer which may or may not have lymph node metastasis. We also classified colonic adenomas according to the grade of dysplasia and the size of polyp. The fecal tumor M2-PK was more detectable in high grade dysplasia than in low grade dysplasia and there was no significant difference according to the size of polyp in this study. It can be assumed that a larger number of adenomas may make the relationship between the iM2-PK sensitivity and size statistically significant.
In conclusion, iM2-PK test proved to have significantly higher sensitivity for CRC and colon adenomatous lesions than that of iFOBT and CEA. The negative predictive value of iM2-PK was also better than iFOBT. The iM2-PK has strength in its affordable cost, convenience in use and the rapidity for result. iM2-PK may be a reliable and acceptable screening method for CRC.
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